Introduction
Nonalcoholic fatty liver disease (NAFLD) is defined as the presence of fat accumulation within the liver (fatty liver/ hepatic steatosis) without a secondary cause for such fat accumulation. [1] [2] [3] [4] A recent analysis of data from The Third National Health and Nutrition Examination Survey (NHANES) (1988) (1989) (1990) (1991) (1992) (1993) (1994) ) assessed prevalence of NAFLD in US adults. 5 For these analyses, individuals were considered to have NAFLD if moderate to severe hepatic steatosis was present by ultrasonography in the absence of elevated alcohol consumption or use of medications associated with hepatic steatosis. Based on this analysis, NAFLD affects approximately 21% of US adults; 5 prevalence increases with obesity; approximately 50% of US adults with body mass index (BMI) ≥ 35 kg/m 2 have NAFLD. 5 An autopsy study of children aged 2-19 years estimated the prevalence of fatty liver in children at 9.6%; however, fatty liver was present in 38% of children who were obese. 6 The current prevalence of obesity in US children is almost 17%; 7 therefore, a relatively large percentage of children may be at risk for NAFLD. Early identification of children with NAFLD is important as NAFLD may be an indicator of increased metabolic risk 8 and because children with nonalcoholic steatohepatitis may experience progression of liver inflammation and fibrosis, which can lead to cirrhosis. 2, 9, 10 Clinical guidelines recommend various strategies to screen obese children for NAFLD. 11, 12 The European Society of Paediatric Gastroenterology, Hepatology and Nutrition guideline on NAFLD notes that NAFLD usually does not occur in children younger than 3 years and is rare in children aged 3-10 years. 13 The 2007 Expert Committee recommended that children with a BMI ≥ 95th percentile be screened for NAFLD biannually beginning at the age of 10 years. 12 The Expert Committee also recommended using both alanine aminotransferase (ALT) and aspartate aminotransferase laboratory tests for NAFLD screening. 12 However, among these two tests, ALT is more commonly used as a surrogate marker for fatty liver concerns in obese children. 14, 15 There is wide variability regarding the ALT value considered to be the upper limit of normal. A study of children's hospitals identified an ALT upper limit ranging from 30 to 90 U/L (median 53 U/L). 16 An examination of NHANES data identified much lower 95th percentile values for ALT measurements in children aged 12-17 years at low risk for liver disease (25.8 U/L for boys and 22.1 U/L for girls). 16 Applying the NHANES 95th percentile ALT values compared to children's hospitals upper limit median values increased sensitivity of ALT as a screen for NAFLD from approximately 35% to 85%. 16 Approximately 51% of severely obese US adolescents (BMI ≥ 99th percentile) had an ALT value above these cut points. 17 An evaluation of 371 healthy youths aged 7-18 years reported 95th percentile values for ALT boys and girls of 30 and 21 U/L, respectively. 18 Upper limit of normal for ALT may be even lower for younger children. 19 Studies investigating ALT elevations in obese children often focus on older children and adolescents. There is evidence that young obese children may also have elevated ALT. Two studies of children aged <10 years report elevated ALT at rates of 12.5% (for ALT ≥ 35 IU/L) 20 and 24% (for ≥45 IU/L). 14 Identifying children with elevated ALT values provides the opportunity to strengthen clinical management and enhance the call for health behavior change. Lifestyle interventions have been shown to improve ALT levels, liver histology, and steatosis (identified by ultrasonography) and are the first line intervention recommended for NAFLD. 21, 22 Since parental perception that their child's weight is a health problem increases readiness to make changes, 23 early detection of ALT elevations and focused counseling about this concern may enhance a family's resolve to implement lifestyle changes. The aim of this study is to describe results of screening ALT values in children presenting for tertiary obesity care with a special emphasis on preschool children (age 2-5 years) as compared to young school-age children (age 6-9 years) and older school-age children (age 10-11 years).
Methods

Study population
This study is a retrospective review of a consecutive sample of children who presented for obesity care at the Wellness & Weight Management (W&WM) Clinic who (1) had completed an initial W&WM visit between April 2007 and December 2010, (2) were aged 2-11 years at the initial W&WM visit, (3) had BMI ≥ 95th percentile at their initial visit, (4) were not receiving enteral feeding at initial W&WM visit, and (5) did not have an identified genetic abnormality. Children are referred to this tertiary care clinic by primary care or subspecialty providers. There were 454 eligible children whose records were reviewed. Data elements, including demographics, anthropometric measurements, and laboratory measurements, were downloaded from the electronic medical record (EMR). The Ann & Robert H. Lurie Children's Hospital of Chicago Institutional Review Board (#2011-14528) approved this study. Waiver of Authorization was granted, which allowed evaluation of retrospective medical record data without signed authorization from each research subject.
Measurements
Anthropometric measurements were obtained at the initial W&WM clinic visit. Weight and height measurements were obtained by clinic staff members trained to apply hospital measurement technique protocols. Weight was measured to the nearest 0.1 kg using digital scales. Children were measured to the nearest 0.1 cm using a stadiometer.
Laboratory measurements, including fasting lipids, insulin, and glucose, and ALT are ordered as part of routine obesity care at the W&WM clinic. Laboratory values obtained by providers not providing care through the W&WM clinic (e.g. a child's primary care pediatrician) were included if they had been scanned into the EMR. Laboratory tests ordered by primary care providers rarely include fasting insulin, which accounts for low responses for that test. If multiple test results were available, the laboratory value closest to the initial W&WM visit and within 6 months of that visit defined the initial ALT value (average time between initial W&WM visit and initial ALT value = 49 days, standard deviation (SD) = 47 days). Only those records of children with at least one ALT measurement (284/454, 63%) were analyzed.
An ALT value > 30 IU/L was considered elevated. This value corresponds to the 97th-98th percentile in a NHANES adolescent population, 24 defines the upper limit at our hospital and at this clinic, and was used in another study which investigated younger obese children. 25 An ALT value > 60 IU/L is the value that should prompt consultation with a pediatric hepatologist according to Expert Committee guidelines and was considered "very elevated" for this study. 12 Other laboratory measurements that were downloaded and analyzed included fasting lipids, fasting glucose, and fasting insulin. Fasting lipid cutoffs were the same as those outlined in National Heart, Lung, and Blood Institute guidelines. 26 Insulin resistance was measured using the homeostasis model assessment for insulin resistance (HOMA-IR). 27 We used cutoffs developed by Kurtoglu et al. for pre-pubertal boys (≤11 years) 2.67, for pubertal boys (>11 years) 5.22, for pre-pubertal girls (≤10 years) 2.22, and for pubertal girls (>10 years) 3.82. 28 
Data analysis
Anthropometric interpretations, including BMI, BMI z-score, and BMI percentile, were calculated by applying the Centers for Disease Control and Prevention (CDC) 2000 growth references using Epi Info 3.5.3 (NationalCenter for Health Statistics, CDC, Atlanta, GA, 2011). Percent ideal body weight for height (%IBW) was calculated using Health Indicators Analyzer software (©2003, Ann & Robert H. Lurie Children's Hospital of Chicago, Chicago, IL), which uses the McLaren method. 29 Children were categorized by age at ALT testing (2-5 years, 6-9 years, and 10-11 years) in order to focus attention on findings for youngest children.
Data were analyzed using IBM SPSS Statistics, version 20.0.0. Significance was set at p < 0.05. Chi-square, Fisher's Exact, and Mann-Whitney U tests were used, as appropriate, to examine differences between groups. Linear-by-linear association (LLA) was used to examine ALT and BMI ≥ 99th percentile groups by age groups.
Results
The 284 children analyzed included 73 preschool children (age 2-5 years), 143 young school-age children (6-9 years), and 68 older school-age children (≥10 years). Children were primarily Hispanic and Medicaid insurance recipients (Table  1 ). An elevated ALT (>30 IU/L) was identified in 26% of preschool children, 30% of young school-age children, and 44% of older school-age children (LLA, p = 0.023). Initial ALT values > 60 IU/L were found for 4%, 4%, and 13% of children in these age groups, respectively (Figure 1 ). Hispanic race/ethnicity was not significantly associated with ALT group status for preschool children, but was significantly associated with elevated ALT in school-age groups (Table 1) . Sex was not significantly associated with ALT group status for any age group.
BMI ≥ 99th percentile was present in 92% of preschool children, 73% of young school-age children, and 59% older school-age children (LLA, p < 0.001). Preschool children with elevated ALT more often had higher BMI value, BMI percentile, BMI z-score, and %IBW (Table 1) than those without elevated ALT. For school-age groups, anthropometric status did not significantly predict elevated ALT.
Overall, 48% of children with initial elevated ALT > 30 U/L had repeat ALT in the data acquisition interval (mean time between ALT measure-ments = 0.55 year; SD = 0.50 years). Elevated ALT was a persistent finding for 32/44 (73%) children, including 6/10 (60%) of preschool children, 14/19 (74%) of young school-age children, and 12/15 (80%) older school-age children. There were not any differences noted between age groups (data not shown).
For preschool children, measures of total cholesterol, high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol, triglycerides (TG), and HOMA-IR did not significantly differ by ALT group status (data not shown). For children in the young school-age group, those with elevated ALT more frequently had low HDL (31/48 (78%) vs 54/94 (57%); p = 0.027). Other measures for young school-age children (total cholesterol, low-density lipoprotein cholesterol, TG, and HOMA-IR) and all of these measures (including HDL) for older school-age children did not differ by ALT group status (data not presented). Therefore, we next evaluated differences in frequency of abnormal lipid and HOMA-IR measures by age groups (Table 2) . Preschool children less often had elevated HOMA-IR as compared to older children (Table 2) ; however, approximately half of the children in each age group did not have fasting glucose and insulin levels measured the same day as the ALT measurement. Frequency of abnormal lipid levels did not significantly differ by age group (Table 2) . Notably, low levels of HDL and high levels of TG were common for all age groups.
Discussion
This study highlights the high frequency of elevated ALT in preschool children receiving obesity care. Ours is the first study to focus on preschool children. While the older schoolage children we tested had the highest frequency of elevated ALT (44%), 26% of preschool children and 30% of young school-age children had elevated ALT. Importantly, we found that in preschool children, risk for elevated ALT was similar between Hispanic and non-Hispanic children. We did find that preschool children with ALT values > 30 IU/L had significantly higher BMI, BMI percentile, BMI z-score, and %IBW than preschool children with normal ALT. These results suggest that young children who are most obese may be at greater risk for liver abnormalities. However, since anthropometric values of preschool children with normal ALTs were also extremely high (median BMI percentile 99.9), it would be difficult to establish clinical distinctive features based on anthropometry.
The Expert Committee Guidelines recommend that screening for NAFLD begin at the age of 10 years; therefore, it is likely that many young obese children are not presently screened. Our results suggest that severely obese children should have their ALT values evaluated at least once as early as 2 years of age. While risk factors for elevated ALT have been identified, 12, 14 our data show that these are not sensitive indicators across age groups. Recommendations to limit ALT screening based on age, ethnicity, or BMI will miss the opportunity for identification of elevated ALT and subsequent counseling that may lead to important health behavior change. Since NAFLD-related fibrosis is related to longer disease duration and more severe degree of obesity, 13 identifying children with elevated ALT provides an opportunity for clinicians to offer families treatment through counseling, behavioral change, and weight optimization. In the primary care setting, ALT screening of young obese children may also identify children who would benefit from weight management care; there is evidence that a multidisciplinary program can stabilize BMI and decrease elevated ALT values. 30 Other studies have noted increasing frequency of elevated ALT by age 31 and reported frequencies in general agreement with our findings for school-age children, although they used higher cutoff values to categorize abnormal ALT values. 14, 20, 31 Similar to our findings, 29% of overweight or obese children aged 1-12 years presenting for obesity care had an ALT value above the upper limit of normal (ALT upper limit adjusted for age and test method), with higher ALT values among obese children. 19 In our school-age sample, Hispanic children more frequently had an initial ALT value > 30 IU/L compared to children of other ethnic backgrounds. However, we did not find a sex disparity, as others have reported. 14, 31 Information from lipids, ALT, and measures of insulin sensitivity testing strengthens understanding of the metabolic risk of a patient. We find that such test results aid in health behavior counseling. In preschool children, elevated ALT was not significantly associated with any other metabolic parameter we evaluated. However, among young school-age children, we identified a significant association between low HDL and elevated ALT. This association has previously been reported in a sample of 143 obese children aged 3-18 years. 25 Unlike others, 25 in our sample, elevated ALT was not significantly associated with elevated TG. Several studies report an association of elevated ALT with the presence of metabolic syndrome and reduced insulin sensitivity. 8, 20, 25 Data from our clinical sample were insufficient to identify those with metabolic syndrome and many lacked data to determine insulin sensitivity.
In the W&WM clinic, we use elevated ALT levels to reinforce the need for behavior changes. We first inform families that additional testing will be necessary to clarify the diagnosis. We discuss with parents the likely meaning and potential consequences of an elevated ALT in their obese young child and that the treatment for suspected NAFLD is attaining a healthy weight. In order to promote family-based healthy lifestyle changes, we discuss the high heritability of NAFLD. 32 We also counsel about lowering sugar (and particularly fructose) intake as a potential strategy to impact liver health. 33, 34 Our further management of elevated ALT is guided by additional testing done 3-6 months after the first elevated ALT. We refer children to hepatology for ALT levels persistently elevated for 6-12 months if the child is not making progress in lowering their BMI. 3 In our study, most children completing a repeat ALT measurement continued to have an elevated ALT at follow-up.
While degree of ALT elevation and ALT trajectory continue to be used to quantify obese patients needing further evaluations for NAFLD, 15 hepatic steatosis has been noted across the spectrum of ALT values. Importantly, in a sample of 219 preschool children who had become overweight or obese within the prior 12 months, 31% had ultrasound diagnosis of NAFLD, with mean ALT of 28 U/L among the NAFLD group. 35 Among children aged 5-18 years with suspected NAFLD enrolled in the Nonalcoholic Steatohepatitis Clinical Research Network, 4% (17/409) had ALT in the normal range (<26 U/L for boys; <23 U/L for girls) and 18% (74/409) had ALT in the high normal range (26-50 U/L boys, 23-44 U/L girls). 36 Additional work is needed to understand the sensitivity and specificity of strategies to identify and monitor NAFLD in young obese children and to assess the impact of such information on family ability to implement healthy lifestyle changes.
A limitation of this study is that many of the children only had ALT measured once. While repeatedly abnormal ALT values increase suspicion for chronic liver injury, some children with fatty liver will have normal ALT or ALT that fluctuates between normal and elevated. [36] [37] [38] ALT elevation may accompany viral infections or dehydration; however, these children were having laboratory testing done for an obesity evaluation not because of infectious conditions. This study population was drawn from a tertiary obesity clinic and may not be generalizable to the general obese pediatric population. Further evaluations in children at the 95th-98th BMI percentile are needed. Children with already-established laboratory abnormalities may be more likely to be seen in this clinic; therefore, there may be a referral bias. ALT values were drawn as part of an obesity comorbidity screening strategy, and investigation into the exact etiology of ALT elevation was beyond the scope of such a screening strategy; in particular, data evaluated did not include exposures to hepatotoxic drugs. Additionally, data were gathered retrospectively, so bias may exist related to which patients completed testing. However, even given these limitations, the age distribution and frequency of ALT elevations among very young very obese children is notable. Further work is needed to identify cost-effective additional testing needed to identify NAFLD in this high risk population and to assess whether the obesity comorbidity identification leads to family-based adoption of healthier behaviors and subsequent improvement of the child's obesity status.
Conclusion
ALT elevations were relatively common in this population of obese young children, including one-fourth of preschool children. Given this relatively large percentage of young children with elevated ALT values, initiation of ALT screening in severely obese children should begin at 2 years of age. For school-age children, Hispanic ethnicity was associated with elevated ALT, but many children with elevated ALT would have been missed if screening was limited to those of Hispanic ethnicity.
